Background: The differential diagnosis between bacterial and viral meningitis is not easy in some cases. Cerebrospinal fluid (CSF) analysis is essential for establishing this diagnosis. The objectives were to quantitate lactic acid (LA) concentrations in bacterial and viral meningitis, and other central nervous system (CNS) diseases in order to evaluate the diagnostic utility of CSF LA for discriminating bacterial from viral meningitis. Methods: CSF LA was measured in 139 CSF samples from seven groups: viral meningitis with classic CSF; suspicion of viral meningitis with neutrophils in CSF; bacterial meningitis; non-infectious neurological diseases; chronic meningitis; traumatic lumbar puncture (LP) and normal CSF. Results: CSF LA was higher in bacterial meningitis 8.7q5.4 mmol/L compared with viral meningitis (1.9q0.6) and the other groups (p-0.0001). CSF LA in the groups with viral meningitis was not different compared to groups with non-infectious CNS diseases and chronic meningitis. The ability of CSF LA to discriminate bacterial from viral meningitis showed a sensitivity of 80% and specificity of 97%, positive predictive value (PPV) of 94%, and negative predictive value (NPV) of 89%. Conclusions: CSF LA is a powerful test to discriminate bacterial from viral meningitis with high sensitivity,
Introduction
The differential diagnosis between bacterial and viral meningitis is crucial for treatment and prognosis and the clinical presentation is not always clear. Bacterial meningitis is a life-threatening disease with high mortality and neurologic sequelae. However, it is a treatable disease and early antibacterial therapy is essential for a good outcome. Viral meningitis usually subsides spontaneously. The differential diagnosis is normally based on cellular characteristics of cerebrospinal fluid (CSF), total white blood cells (WBC) count and cell type, and biochemical characteristics, specifically glucose (GL). In some cases the diagnosis is difficult. For example, partially treated bacterial meningitis could present with different cell patterns and the classic bacteriological diagnostic methods, cultures and Gram stain smear usually are negative. CSF characteristics can resemble viral meningitis in immunosuppressed patients. Viral meningitis, especially enterovirus, can present with predominance of neutrophils during the first 6 h of infection, with normal CSF glucose concentrations. CSF glucose is used as the classic test to differentiate between bacterial and viral meningitis. However, in some cases, blood glucose is not available at the time that CSF is obtained. CSF glucose is correlated with blood glucose concentrations (1) (2) (3) (4) .
The etiology of acute infectious meningitis is bacterial or viral. After the first month of life, bacteria responsible for 70%-90% of cases of acute bacterial meningitis in most regions of the world are N. meningitidis and S. pneumoniae (5, 6) . The incidence of infection by H. influenzae showed significant decline following systematic vaccination. On the other hand, viral meningitis is a global disease that can be sporadic or epidemic. Despite the low mortality rates, these can have high morbidity (7) . Non-polio enteroviruses are responsible for the majority of cases of viral meningitis, 50%-80%, especially, during the summer.
CSF lactic acid (LA) is considered a good biomarker for differentiating bacterial from viral meningitis at a cut-off of 3.5 mmol/L (8) (9) (10) (11) (12) .
The CSF LA concentration in LA is directly dependent upon its production rate in the brain. There is sub-stantial evidence, in patients and animals, that blood and CSF lactate concentrations are largely independent of each other. Thus, intravenous infusion of LA in dogs was sufficient to raise the blood concentration 6-fold, yet, failed to increase CSF concentrations (13) . This is important in clinical practice because it is not necessary to collect matched plasma. CSF lactate concentrations are also useful for the diagnosis of post surgical acute bacterial meningitis, where there is not an increase in specific cells or proteins (2, 14) .
The aims of this study were: to analyze LA concentrations in bacterial and viral meningitis compared to other central nervous system (CNS) diseases with infectious and non-infectious etiology; to calculate the diagnostic characteristics of CSF LA for the differential diagnosis of acute bacterial and viral meningitis; to determine CSF LA concentrations in cases with suspect viral meningitis but with a predominant increase in CSF neutrophils, and to determine the influence of red blood cells (RBCs) in CSF, as a result of traumatic lumbar puncture (LP), on CSF LA concentrations.
Materials and methods
A prospective longitudinal study was conducted by the Clinical Pathology Laboratory of the Hospital de Clínicas, Universidade Federal do Paraná (HC-UFPR). This study was approved by the HC-UFPR Institutional Reviews Board.
All CSF samples were collected by LP. CSF and plasma LA was determined, using the dimension AR machine (Dade Behring, Deerfield, IL, USA).
CSF total protein (TP) was measured using a turbidimetric method with sulphosalicylic acid. CSF glucose was measured using an enzymatic method. CSF total cell count (WBCs) was performed using a Fuchs Rosenthal chamber. A WBC count )4 cells/mm 3 was considered to be increased. For the differential cell count, CSF samples were concentrated by Shandon Cytospin (Pittsburgh, USA) and the slides stained using the May Grü nwald-Giemsa technique. A predominance of cells was considered when they were )50%.
A total of 139 CSF samples were studied. The mean (SD) age was 21 years (20) , with 53% males. The samples were distributed into the following groups:
Group 1 (ns33): CSF samples with characteristics of viral meningitis: increased numbers of WBCs with a predominance of lymphocytes and glucose )50 mg/dL (=0.0555smmol/L). Polymerase chain reaction (PCR) for enterovirus, herpes simplex virus (HSV)-1, HSV-2, citomegalovirus (CMV), Epstein-Barr virus (EBV), varicella-zoster virus (VZV), human herpes virus (HHV)-8, HHV-6A, HHV-6B, HHV-7 (15) CSF biochemistry and cell characteristics of all groups studied are shown in Table 1 .
Statistical analysis
Continuous variables were compared using non-parametric testing comparing all the five groups with the Kruskal-Wallis test. The groups were compared, two by two, using the Mann-Whitney test. A p-0.05 was used for statistical significance. The results were presented as mean (SD).
To evaluate the characteristics (16) of CSF LA quantitation for the diagnosis of acute untreated bacterial meningitis and viral meningitis, the following formulas were used: sensitivity: wTrP/(TrPqFN)x=100; specificity: wTN/(TNqFP)x=100; positive predictive value (PPV): wTrP/(TrPqFP)x=100; negative predictive value (NPV): wTN/(TNqFN)x=100; detection rate: TrP/total tested; Youden index: w(sensitivityqspecificity)-1x; error ratio: (FPqFN)/TrP; combined error: (FPqFN)/ total tested. wTrue positive (TrP); true negative (TN); false positive (FP); false negative (FN)x. The CSF LA cut-off threshold used was 3.5 mmol/L.
Results
CSF LA concentrations were higher in the group with acute bacterial meningitis, mean (SD) w8.7 (5.4) mmol/Lx, than in the groups with viral meningitis, with normal CSF, non-infectious CNS diseases and chronic meningitis w1.9 (0.6), 1.8 (0.6), 3.1 (3.7), 5.5 (2.8) mmol/L, respectivelyx, p-0.0001 (Table 2 and Figure 1 ). CSF LA concentrations in the group with chronic meningitis (group 4) was less, although not statistically significant, than concentrations seen in patients with acute bacterial meningitis (ps0.13). CSF LA concentrations in the group with chronic meningitis were higher, but not statistically significant, than values seen in groups 1, 2, 5 and 6 (ps0.088, 0.124, 0.208, 0.080, respectively).
In five cases, LA was measured in CSF and blood matched samples. For two cases from the group with untreated bacterial meningitis, CSF LA was 9.0 and The diagnostic characteristics of CSF LA, using a cut-off of 3.5 mmol/L, are shown in Table 3 . Use of CSF LA for discriminating bacterial meningitis from viral meningitis, normal CSF, other non-infectious CNS diseases and chronic meningitis showed a sensitivity of 80% and a specificity of 93%. When comparing bacterial meningitis to viral meningitis (with typical CSF characteristics) specificity increased to 97%. Comparing bacterial meningitis to suspected viral meningitis (with neutrophils in the CSF), sensitivity, specificity, and PPV were high, but NPV decreased (67%).
Discussion
In this study, CSF LA concentrations were significantly higher (4.6 times) in the group with bacterial meningitis compared with the group with viral meningitis. In the group with viral meningitis, CSF LA concentrations were similar to the control group.
In the group with suspected viral meningitis but with a predominance of neutrophils in the CSF, CSF LA was 2.2 times higher than in the group with classic viral meningitis, but lower than the group with untreated bacterial meningitis. CSF from patients with viral meningitis can have a predominance of neutrophils during the first 6 h of the disease, with CSF glucose concentrations and the CSF/serum glucose ratio being normal. This is more common among patients with meningoencephalitis caused by enterovirus. CSF LA showed lower concentrations in this group compared to the group with bacterial meningitis. This suggests that in those with viral meningitis, but with a predom- inance of neutrophils, CSF LA can help discriminate viral meningitis from acute bacterial meningitis. Non-polio enteroviruses are the main etiologic agent for viral meningitis. Among the enterovirus group, there is an important division into the Picornaviridae family: Echovirus, Poliovirus and the Coxsackievirus of the groups A and B. Enterovirus numbers 70 and 71, which show a strong neurotropism, are associated with meningoencephalitis, poliolike paralytic syndromes, Guillain Barré Syndrome and meningitis. Coxsackievirus sub-group B is responsible for 60% of meningitis among children -3 years of age (7, 17) . Herpes family viruses are responsible for 4% of meningitis cases. Meningitis is more frequently caused by HSV-2, HSV-1, 2 and EBV, and is associated with recurrent lymphocytic meningitis (7, 18) . Almost 5%-10% of HIV positive patients have meningitis which can occur during any phase of the infection; although occurring more frequently during seroconversion.
Figure 1 CSF lactic acid (mmol/L) concentration in the studied groups (results median"interquartiles).
Most efforts have tried to establish tests that discriminate bacterial meningitis from viral meningitis. This is because bacterial meningitis is a life-threatening disease and has a much poorer prognosis compared with viral meningitis. Since bacterial meningitis can be cured successfully in the early phase of the disease, tests are needed to diagnose bacterial meningitis accurately and reliable with high-sensitivity and specificity (12) . Lactate concentrations are particularly important when the CSF Gram stain is negative and there is a predominance of polymorphonuclear cells and low CSF glucose concentrations (2, 14) .
There has been interest in the diagnostic value of increased CSF lactate for the identification of bacterial meningitis and partially treated bacterial meningitis. This is in contrast to the usual findings of normal lactate concentrations in viral meningitis (19) (20) (21) (22) (23) (24) (25) (26) (27) . CSF lactate concentrations are also increased in fungal meningitis. In partially treated meningitis, intermediate lactate concentrations have been reported. The decrease in lactate has been considered indicative of effective medication and resolution of infection (28, 29) . Infectious chronic meningitis can be seen in conjunction with tuberculosis, syphilis, fungus (mainly C. neoformans), cysticercosis, and histoplasmosis (30) . Some investigators describe overlapping CSF lactate concentrations in viral, partially treated bacterial meningitis and tuberculosis meningitis. This limits the value of the marker for differentiating these disorders (21) . In our study, CSF lactate was higher in acute untreated bacterial meningitis compared with meningitis, although the difference was not statistically significant. These findings should be confirmed due to the small number of samples from patients with chronic meningitis.
The occurrence of increased CSF lactate concentrations have also been described in acute cerebral infarction, reflecting tissue acidosis and increased anaerobic glycolysis (31) . Elevated lactate has also been reported in cerebral hemorrhage (32) . Another issue we studied was whether the presence of RBCs in the CSF, as result of a traumatic LP, could interfere with CSF lactate concentrations. We found no difference between this groups and control patients.
The non-significant Spearman correlation coefficient in the matched CSF and blood samples suggests that there is no correlation between CSF and blood LA. In cases with low CSF LA, the values are similar to values in serum. In the cases with untreated bacterial meningitis, the CSF LA values are 5-30 times higher than that seen in serum. The higher values of LA in CSF compared with paired blood samples, found in this study, indicate independent intrathecal production. The concentration of LA in brain is dependent directly upon its rate of production. There is evidence, from patients and animal studies, that blood and CSF lactate concentrations are largely independent of each other (13, 33) . This is a very important characteristic of LA and offers an advantage over CSF glucose determination since CSF glucose is related to blood glucose.
The normal range for lumbar CSF lactate is usually reported as being between 10 and 20 mg/dL (1.1-2.2 mEq or mmol/L). Most patients with bacterial meningitis have concentrations above 3.5 mmol/L, with some values )11 mmol/L (100 mg/dL) (13, (20) (21) (22) 31) .
Increased CSF lactate is associated with low CSF glucose concentrations. While a moderate increase in lactate is often observed with normal CSF glucose, the occurrence of a very low CSF glucose concentration is usually associated with a substantial increase in lactate concentrations. This is indicative of increased anaerobic glycolysis by the adjacent cerebral tissue, or by cellular infiltrates in the leptomeninges (1) .
The measurement of CSF lactate has been considered by some investigators to be clinically useful in the differential diagnosis of the disorders associated with low CSF glucose concentrations, and as a guide to the response to therapy (34) .
The blood brain barrier (BBB) shows low permeability to the diffusion of lactate ions. At normal pH, lactate is almost completely dissociated. The penetration of acid radicals of metabolic origin through the BBB is dependent on the characteristics of the exchange mechanisms (35) .
In this study that compared patients with viral meningitis to the other groups (non-infectious CNS diseases, CSF normal, chronic meningitis and untreated bacterial meningitis), CSF lactate specificity and PPV were low. Although, when we compare only the two groups with acute meningitis, bacterial and viral, the sensitivity and specificity of CSF lactate for discriminating acute bacterial meningitis from viral meningitis is similar to results from previous studies. The PPV and NPV are also high.
A laboratory test that is easy to perform with highsensitivity is needed to identify patients with bacterial meningitis upon admission. Delayed treatment of false negative cases may be fatal. However, high specificity is desired to exclude expensive treatment of false positive cases (8) . Previous studies have shown CSF lactate to have the highest sensitivity (89%-100%) and specificity (96%-100%) for discriminating acute untreated bacterial meningitis from viral meningitis, when the threshold limit was set at 3.5 mmol/L (36, 37) . This limit proved to also be relevant for tuberculosis (38) , Listeria monocytogenes (39) and fungal meningitis (40) . A higher discrimination limit of )5.0 mmol/L diminished diagnostic sensitivity, while a lower limit of 2.8 mmol/L decreased diagnostic specificity and did not allow to distinguish viral meningitis from controls (12) . CSF glucose is considered by clinicians to be a good marker to discriminate acute bacterial meningitis from viral meningitis. However, some authors reported low-sensitivity (around 50%) and high specificity with CSF glucose (36, 37, 41) . Because CSF glucose concentrations are dependent on blood glucose concentrations, blood must be collected at the same time as CSF. In contrast, CSF lactate concentrations are independent of blood concentrations (1). Thus, hyperglycemia and hypoglycemia may impair the CSF/blood glucose ratio, which exhibited 70%-91% sensitivity and 84%-99% specificity at a limit of -0.4 (36, 37) .
Some authors suggest that despite the high-sensitivity and PPV of CSF lactate concentrations for the diagnosis of bacterial meningitis, results are generally non-specific and provide little additional diagnostic information. There is substantial evidence that whenever cerebral glycolysis is increased due to causes such as anaerobic glycolysis, hypoxia, ischemia, seizures or meningitis (42) , lactate and pyruvate concentrations in brain and CSF and the lactate-to-pyruvate ratio are increased. However, measurement of CSF lactate concentrations was found to be superior to the ratio of CSF to blood glucose for the diagnosis of bacterial meningitis in postoperative neurological patients (9, 43) . In partially treated bacterial meningitis, CSF lactate at a decision limit of )3.2 mmol/L classified 88% of treated bacterial meningitis patients with 83% sensitivity and 91% specificity (12) at a decision limit of )3.5 mmol/L, CSF lactate sensitivity decreased to 72% (36).
In conclusion, CSF LA can be used as a routine test in laboratories. It is fast, automatized and easy to perform. It is a useful test for discriminating bacterial from viral meningitis with high sensitivity, specificity and predictive value. CSF LA can be helpful even in cases that cause diagnostic confusion, such as CSF samples suspect for viral meningitis, but with a predominance of neutrophils and normal glucose. Further work is needed in this area.
